In this work we study in detail a phenomenological generalization of the Chaplygin cosmological model, which we call as umami Chaplygin model. We consider three different cosmological background scenarios in which our fluid can play three different roles: only as a dark energy component; as a dark matter and dark energy component; and as a dark plus baryonic matter and dark energy component. With such analysis we explore the possibility to unify the dark fluids under one single component within the context of General Relativity. We test this hypothesis against the main available data related to the cosmological background, namely: Type Ia supernovae; Baryon Acoustic Oscillations; Quasars; Gamma Ray Bursts; Hubble data from cosmic chronometers; and Cosmic Microwave Background. We eventually compare the statistically efficiency and reliability of our model to describe observational data with respect to the standard ΛCDM model by means of the Bayesian Evidence. Final results point to a positive (albeit not strong) evidence in favor of a possible unification of dark energy and dark matter with a the umami fluid.
I. INTRODUCTION
One of the most studied problems nowadays in cosmology is the nature of the accelerated expansion of the Universe at late times. Since the late 20th century [1] [2] [3] , this phenomenon has been reported and confirmed by several different observational probes [4] [5] [6] . In contrast with the clear signatures we have about it, we are still far from a possible agreement concerning its theoretical explanation.
It is very well-known and established nowadays that most of the work can bifurcate into two branches. One points toward the modification of the Hilbert-Einstein action, which drives into a generalization of Einstein's field equations [7, 8] . The other line of research attempts to modify the energy density part of such equations by introducing a new cosmological fluid generally dubbed as dark energy (DE) . DE has been extensively studied both theoretically [9, 10] and phenomenologically, with the most common approach consisting in replacing the standard cosmological constant with another fluid whose equation of state is not constant, but varying on time, and depending on a variety of extra parameters [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . In this work we will focus on this line.
As the standard model ΛCDM [27] [28] [29] works relatively fine [30, 31] despite of its theoretical and observational issues [32, 33] , if one wants to consider a background extra fluid, the new model will have, at least, to satisfy two limits which preserve the the expected expansion rate at high and low redshift, that is, a matter dominated epoch at early universe and an accelerated expansion epoch at late times.
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The model we have chosen belongs to the so-called Chaplygin-like models. These arose originally as an alternative to quintessence, the latter describing a new type of matter which is represented by a scalar field and whose behaviour describes the transition from a universe filled with dust to an exponentially expanding universe. Chaplygin-like models are characterized by describing this transition in terms of a single perfect fluid with an exotic equation of state. This means that we have dark matter and dark energy unified in a single fluid [34] . Moreover, the unified description of dark energy and matter has an interesting characteristic as it can be reinterpreted as a solution to an interacting matter plus vacuum model [35] .
Many generalizations of this fluid have been proposed since then, the most studied in the literature are modified Chaplygin, extended Chaplygin and generalized Chaplygin. See [36] for a brief review. The interesting feature of the specific model we present here is that our non-linear equation of state at late times does not have a de Sitter universe as limit case but a fluid with a constant equation of state w. Apart from the Chaplygin-like models, non-linear barotropic equations of state also appear in other works, the most recent one being [37] . They focus on different descriptions, as quadratic models to represent dark energy and unified dark matter [38] , non-linear EoS for phantom fluids [39] or the Born-Infeld type fluid model [40] .
We will treat our fluid in a polyvalent way in order to extract as much information as we can. Firstly we will consider the possibility that it acts as the usual dark energy component. Secondly, as a dark matter-dark energy unified component and finally, as the full (i.e. dark and baryonic) matter and dark energy content. The two last cases are the most intriguing ones because in that case we realize the idea of having all the "dark" behaviour unified into a single fluid. The work is organized as follows: We begin with Sec. II by introducing our model as well as the different scenarios we are interested in; in Sec. III we describe the observational data used in our analysis and in Sec. V we discuss the obtained results and give some remarkable conclusions.
II. MODEL
We study what we have named the umami Chaplygin model described by the following equation of state:
where P and ρ are the pressure and the energy density of our fluid and w and A are real constants. Let us note that, on one hand, at high energy density pressures the fluid behaves as
which is the equation of state of the original form of the Chaplygin fluid. On the other hand, the low energy density limit gives
which is the equation of state of a perfect fluid with negative effective EoS parameter; thus, the fluid will be playing the role of some dark energy component. We assume the fluid independently fulfills the usual conservation equation,
where · ≡ d/dt and H =ȧ a is the Hubble parameter. This can be solved analytically thus obtaining the following implicit expression for ρ:
where the subindex 0 means that the quantity is evaluated at the present time.
To set up the background cosmological evolution we have solved Eq. (2.5) numerically in order to find ρ. Given the non-linearity of the solution and for practical reasons, we have changed the variable ρ to the dimensionless matter parameter Ω f ≡ is the critical density of the Universe at the present time. Note that this newly defined Ω f parameter is not fully equivalent to the standard dimensionless density parameter Ω f , which should have been defined as ρ/ρ c . The two versions are equivalent only in the present-time limit, i.e. Ω f,0 = Ω f,0 , which is the case we are mostly interested in, if we want to compare our results with literature. Thus, Eq. (2.5) will become:
where also the parameter A has been redefined as A ≡ A/ρ 2 c,0 . The solution to Eq. (2.6) allows us to add the umami fluid in a more direct observationally-related form into the expression of the Friedmann equation obtained after the standard assumption of a FLRW metric background.
In particular, we have studied three different scenarios, where the umami fluid plays different multiple roles:
where E(z) ≡ H(z)/H 0 is the dimensionless Hubble parameter, and Ω m , Ω b , Ω r are the normalized densities of total matter (baryons and dark matter), baryons-only and radiation today, while Ω k ≡ k/H 2 0 corresponds to the spatial curvature. In the first scenario our fluid Ω f represents only a dark energy component; in the second one, we unify the dark matter and dark energy content into Ω f ; finally, in the third scenario, Ω f would include the total matter content and the dark energy.
We have to take special attention to the two latter models: in principle, we have no clue about how much of our umami fluid should behave as dark energy and/or dark matter. We are giving here a phenomenological proposal, with no physical insight about its possible physical origin. For that, in case 2, we define the parameter f Ω DM which is the fraction of Ω f that is dark matter. In this way we have that the total matter content is
In model 3, something similar happens. We need to know which part of our fluid is dark matter and which part is baryonic matter. In this case we have
In order to describe numerically the general function Ω f (a) (where a is the scale factor) and save time when performing the statistical data analysis, we have built a grid on the parameters {a, Ω f,0 , w, A} and defined the final umami density function as an interpolating function on this grid. The chosen grid is:
We want to stress that we keep w > −1 in order to avoid phantom fields and the "singular" value w = −1. The range of A is large enough to cover all the possible physically meaningful values for our model; but we need to specify also that the grid is not globally uniform. That is because as well as for w ≤ −1 and for some combination of w > −1 values with some ranges of the A parameter, the numerical solution of Eq. (2.5) may not be physical or not univocal. In fact, for some combinations we might have negative densities or two positive solutions with one branch leading to increasing density in time. While this could be considered meaningful in some singularity scenarios [41] , we have avoided them and stuck to a more standard evolution of the cosmological background.
III. DATA
We use a combination of various current observational data to constrain the Umami Chaplygin models described previously. In this section, we describe the cosmological observations used in this work. We will only consider the observational data related to the expansion history of the universe, i.e., those describing the distance-redshift relations. Specifically, we use Type Ia Supernovae (SNeIa), quasars, Gamma Ray Bursts (GRB), cosmic microwave background (CMB) distance priors, Baryon Acoustic Oscillations (BAO) data and the expansion rate data from early-type galaxies (ETG).
A. Hubble data
We use a compilation of Hubble parameter measurements estimated by the differential evolution of passively evolving early-type galaxies used as cosmic chronometers, in the redshift range 0 < z < 1.97, and recently updated in [42] . The corresponding χ 2 H estimator is defined as
with σ H (z i ) the observational errors on the measured values H obs (z i ), θ the vector of the cosmological background parameters.
B. Pantheon Supernovae data
We used the SNeIa data from the Pantheon compilation [43] . This set is made of 1048 SNe covering the redshift range 0.01 < z < 2.26. The χ 2 in this case is defined as
with ∆F = F theo − F obs , the difference between the observed and the theoretical value of the observable quantity for SNeIa, the distance modulus; and C SN the total covariance matrix The predicted distance modulus of the SNe, µ, given the cosmological model, is defined as
where D L is the dimensionless luminosity distance given by
with E(z) = H(z)/H 0 . However the previous expression of χ 2 SN would contain the nuisance parameter µ 0 , which depends on the Hubble constant, the speed of light c and the SNeIa absolute magnitude. In order to get rid of the degeneracy intrinsic to the definition of the parameters, we marginalize analytically over µ 0 . All details can be found in [44] . Finally, the resulting χ 2 gives
where
SN · 1, with 1 being the identity matrix.
C. Quasars
We use the quasar data compiled in [45] consisting on 808 objects covering the redshift range 0.06 < z < 6.28. In this work the UV and X-ray fluxes are given, as well as their respective erros. In order to test our model we are interested in the distance modulus µ so we compute it using the Eq. (5) given in the above cited work, i.e.
where γ = 0.6 is the average value of the free parameter which relates both fluxes and β is an arbitrary scaling factor. As before we compute the theoretical distance modulus using Eq. (3.3) and marginalize over the additive constant terms so that the the final χ 2 is given by Eq. (3.5) where now we have:
D. Gamma Ray Bursts
We consider the so-called Mayflower sample, consisting on 79 GRBs covering the redshift range 1.44 < z < 8.1 [46] . As before we compute the theoretical distance modulus using Eq. (3.3) and marginalize over the constant additive term so that the the final χ 2 is given by Eq. (3.5) with a ≡ ∆F
E. Baryon Acoustic Oscillations
The χ 2 BAO for Baryon Acoustic Oscillations (BAO) is defined as
where the quantity F BAO can be different depending on the considered survey. We used data from the WiggleZ Dark Energy Survey, evaluated at redshifts 0.44, 0.6 and 0.73, and given in Table 1 of [47] ; in this case the quantities to be considered are the acoustic parameter 8) and the Alcock-Paczynski distortion parameter
where D A is the angular diameter distance 10) and D V is the geometric mean of the physical angular diameter distance D A and of the Hubble function H(z), and defined as
We have also considered the data from the SDSS-III Baryon Oscillation Spectroscopic Survey (BOSS) DR12, described in [48] and expressed as
where r s (z d ) is the sound horizon evaluated at the dragging redshift z d ; and r f id s (z d ) is the same sound horizon but calculated for a given fiducial cosmological model used, being equal to 147.78 Mpc [48] . The redshift of the drag epoch is well approximated [49] by the relation
The sound horizon is defined as: 15) with the sound speed
and 
To be noted that when dealing with our scenarios 2 and 3 in Eqs. (2.7), the dimensionless matter parameter Ω m does not appear explicitly in the cosmological background H(z) while it does in Eq. (3.8) and Eqs. (3.13) -(3.14)
. In such equations we will consider
F. Cosmic Microwave Background data
The χ 2 CM B for Cosmic Microwave Background (CMB) is defined as
where F CM B is a vector of quantities taken from [52] , where Planck 2015 data release is analyzed in order to give the so-called shift parameters defined in [53] . They are related to the positions of the CMB acoustic peaks which depend on the geometry of the model considered and, as such, can be used to discriminate between dark energy models of the different nature. They are defined as:
As before, r s is the comoving sound horizon, evaluated at the photon-decoupling redshift z * , given by the fitting formula [54] : while r is the comoving distance defined as: Again, note the presence of Ω m and Ω b which will be both expressed as fractions of the umami fluid in our analysis for scenarios 2 and 3.
G. Monte Carlo Markov Chain (MCMC)
In order to test the predictions of our theory with the available data, we implement an MCMC code [55, 56] to minimize the total χ 2 defined as
The applied priors span all over the range covered by the grid we have used to calculate numerically the density of the umami fluid. Just for numerical reasons, we will define and work with the parameterÃ ≡ − log 10 A. Finally, in order to set up the reliability of one model against the other, we use the Bayesian Evidence, which is generally recognized as the most reliable statistical comparison tool even if it is not completely immune to problems, like its dependence on the choice of priors [57] . We calculate it using the algorithm described in [58] ; as this algorithm is stochastic, in order to take into account possible statistical noise, we run it ∼ 100 times obtaining a distribution of values from which we extract the best value of the evidence as the median of the distribution. The Evidence, E, is defined as the probability of the data D given the model M with a set of parameters
, where π(θ|M ) is the prior on the set of parameters, normalized to unity, and L(D|θ, M ) is the likelihood function.
Once the Bayesian Evidence is calculated, one can obtain the Bayes Factor, defined as the ratio of evidences of two models, M i and M j , B In [57] , it is shown that the Jeffreys' scale is not a fullyreliable tool for model comparison, but at the same time the statistical validity of the Bayes factor as an efficient model-comparison tool is not questioned: a Bayes factor B i j > 1 unequivocally states that the model i is more likely than model j. We present results in both contexts for readers' interpretation.
IV. RESULTS
In Table I we summarize the mean values of the background parameters {f Ω DM , f Ω b , Ω k , h, w,Ã, Ω m , Ω b } obtained for each of the scenarios considered. It can be seen that the results for all our models are in agreement with the values obtained in Planck 2018 [4] .
We are mostly interested in the parameters directly related with baryonic and dark matter, as they change from one model to other when considered as part of the umami fluid. In order to make the comparison more direct, we show in Table II with varying Ω k 1 , and by us from the MCMCs run for each one of the three scenarios we have considered. We also show the value of H 0 , which has also a special importance due to the existing tension between the values given by local measurements [60] and indirect measurements by Planck [61] . To compute the statistics for Ω DM h 2 we take into account that 2 and Ω f,0 = 1−Ω r −Ω k for model 3. Also, for the statistics of Ω b h 2 , we take into account that in model three
As a general tendency we can see how the umami fluid is generally disfavored with respect to a cosmological constant when considered as dark energy fluid only. Instead, when we consider the possibility to describe both dark matter and dark energy by one single fluid, the Bayesian Evidence becomes positive, indicating a general trend in favor of the alternative model. But it is also true that the value of the evidence is too low to set any strong preference toward it against ΛCDM. At least, it works equally good.
Another interesting point is that the value of H 0 increases slightly in models 2 and 3, tending to solve the H 0 tension. It is also true, however, that the corresponding error also increases. If we focus now on Ω b and Ω m we notice that they decrease in models 2 and 3. With respect to Ω k , in models 2 and 3 this parameter gets bigger but so the error does, and it is always consistent with zero.
We also want to pay attention on another interesting result of our analysis: the columns of Table I corresponding to the umami parameters,Ã and w. In order to analyze in detail these results and to be able to compare the models, we focus on the pressure and the effective equation of state, respectively defined as
So, as we did with the energy density, we redefine pressure normalizing over ρ c,0 so that we have p ≡ p ρ c,0 .
Looking at the plot of p in Fig. 1 one can notice how the pressure of the umami is negative during the whole expansion history of the universe, but exhibiting different limiting behaviours at early times depending on the scenario we consider. For model 1 we see an almost constant evolution with a quite abrupt and faster decrease at early times, but still leading to a finite negative pressure. This is not really surprising, as in model 1 the umami fluid has been considered as a dark energy-only fluid.
For models 2 and 3, the results are very similar between them, as expected, because at the level of the background the role of the baryonic matter is somehow minor with respect to that one played by dark matter. But differently from model 1 we now see a smooth transition from a region with negative pressure at late times, where dark energy dominates, to a region with pressure close (tending) to zero at early times, when we know that matter should be dominating the expansion of the Universe. Note that our data probe the cosmological expansions for a > 0.138.
These different trends are related to the quantityÃ, which drives this transition between a matter domination epoch and a dark energy domination epoch. We notice that the obtained value is much bigger for model 1 than for models 2 and 3. To understand its role it must always be taken into account the comparison of its value with respect to Ω f . The bump that appears in Fig. 1 for model 1 occurs where the density starts to be comparable withÃ. For models 2 and 3 its mean value is much lower, so that its effects appear at later scale factor.
All these consideration are confirmed by the effective equation of state, w ef f . In Fig. 1 we see that in the case where the umami fluid behaves only like dark energy we do not have a clear statistical difference between the umami and a standard ΛCDM scenario. We have some more evident changes in the cases 2 and 3, where the equation of state shows a clear transition on its tendency.
The leading fact we want to remark here is that the mean values we obtain for w ef f andÃ are significantly different from what it is obtained in a model where dark energy is considered independently from the matter content, as for example ΛCDM. This means that we have a model which is drastically different from ΛCDM and that is well-fitting the data in a statistical satisfactory way.
Finally, an interesting point to explore is to study which energy conditions are satisfied (and when) for each of the proposed umami fluids. We have considered the energy conditions as summarized in [62] , and described in terms of our quantities:
We have studied these conditions for every scenario, including the cosmological constant scenario, and we have found some interesting results. First of all, NEC and WEC conditions are perfectly satisfied by every model. As expected, ΛCDM violates the SEC condition and similarly is done by model 1, in which our umami play the role of a fully dark energy component. On the other hand, models 2 and 3 exhibit a much more interesting evolution of the quantity corresponding to the strong energy condition. In Fig. 2 we have plotted the energy density, the pressure and the WEC and SEC conditions for these two models. In both plots we see that there is cusp in the SEC condition, related to a change from negative (at large scale factor) to positive (at small scale factors) values, which means that SEC is violated when the umami behaves as a dark energy fluid (at large scale factor), but is satisfied when its behaviours resemble that of a pressureless matter component (at low scale factor).
V. CONCLUSIONS
In this paper we have introduce a new phenomenological cosmological fluid with a non-linear equation of state such that it could be able to unify a dark matter cosmological behaviour with a dark energy one. We have considered three different possible contributions of such a fluid to the cosmic pie, namely: replacing only a dark energy fluid; replacing both a dark energy and a dark matter fluid; replacing both a dark energy and the total matter contribution, i.e., dark and baryonic matter. After having compared these three scenarios with the largest set of cosmological data available nowadays (as long as it is for geometrical probes; dynamical probes will be faced in a forthcoming paper), we have obtained some remarkable results we want to emphasize here. First of all we have found that our results are in agreement with the constraints given by Planck 2018. Secondly, for models 2 and 3, which contain a unified dark fluid and a unified baryonic-dark matter-dark energy fluid, the results obtained for the parametersÃ and w are completely beyond the values expected for a model with a non-unified equation of state. All this shows that this kind of unified models can properly mimic the background phenomenology even though being different from the standard cosmological ΛCDM model. Bayesian Evidence comparison shows a small but positive preference for such models. Thirdly, and not less important, although having a higher error, the mean values obtained for H 0 in models 2 and 3 are slightly higher than the one obtained from Planck, and, as a consequence, closer to its local measurements. Even if this result can not be taken as conclusive, we find interesting the observed tendency to solve the H 0 tension plaguing observational cosmology today. All the observed features give us information about attractive directions to follow in the search of alternative models to ΛCDM. 
